Plants are the promising reservoirs for natural products with their diverse secondary metabolites. Many invasive plants have been introduced in Korea, which adversely affect on the native ecosystem but holds difficulty removing them due to their proliferation. In this study, we evaluated disease control efficacy of methanol extracts from four invasive plant species against 7 representative crop pathogens. Methanol extract of Phytolacca americana effectively suppressed rice blast, tomato gray mold, and tomato late blight in a dose dependent manner. The methanol extract of Amorpha fruticosa also exhibited potent antifungal activity against pepper anthracnose in a concentration dependent way. These data suggest that the extracts of P. americana and A. fruticosa can be developed as plant disease protection agents against rice blast, tomato gray mold, tomato late blight, and pepper anthracnose. Furthermore, more extensive research will be required to identify and isolate active compounds from problematic invasive plant species to develop valuable agrochemicals.
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Keywords : Amorpha fruticosa, antifungal activity, disease control, invasive species, Phytolacca americana Plant diseases caused by pathogenic microorganisms significantly attribute to the overall loss in crop yield worldwide (Savary et al., 2006) . Many of them cause reduction of the shelf life and market values of food commodities and render them unfit for human consumption. Application of synthetic chemicals has long been the major choice to control variety of plant diseases (Knight et al., 1997) . However, extensive use of agrochemicals has raised serious problems including appearance of resistant pathogens, chemical residues, and threats to human health and the environment (Barnard et al., 1997; Daoubi et al., 2005) . Public awareness of these factors has increased interest in finding safer alternatives to replace synthetic agrochemicals.
There has been a growing interest in the research of the possible use of the plant-derived natural fungicides such as plant extracts, which can be relatively eco-friendly for disease control in agriculture (Choi et al., 2008) . Also the plants or plant extracts have long been recognized to provide a potential source of chemical compounds or more commonly products known as phytochemicals with potent antifungal efficacy (Choi et al., 2008) . Research focused on plant-derived fungicides and their possible applications in agriculture are being intensified as these are having enormous potential to inspire and influence modern agrochemical research (Duke, 1990) .
Invasive plant species are introduced as foreign species that spread into and successfully colonize certain habitats. About 290 exotic plant species were listed to be introduced and colonized in Korean ecosystem since early 20th century (Bang et al., 2004) . Some of them adversely affect on native ecosystem by imbalancing nutritional flows among the members, eventually threaten biodiversity. Extensive efforts for integrated management of harmful invasive species have been being conducted including cataloging alien species and ecological risk assessment. One of the main activities for management of invasive plant species has been the physical eradication with little success due to their prolific nature. On the other hand, the successful habitation of the invasive species has prompted intense interest in the mechanisms for the success (Pimentel et al., 2005) . The prolific nature and successful invasion in new habitats suggest that the invasive species are hypothesized to be equipped with novel biochemistry that repels native species or unique compounds in the native flora (Cappuccino & Arnason, 2006) . In this aspect, invasive plant taxa can be useful sources discovering new active Note Open Access *Corresponding authors. Soonok Kim Phone) +82-32-590-7070, FAX) +82-32-590-7120 E-mail: sokim90@korea.kr Gyung Ja Choi Phone) +82-42-860-7343, FAX) +82-42-861-4913 E-mail: kjchoi@krict.re.kr compounds including antifungal agents.
In this study, we tested this hypothesis using methanol extract of four invasive plant species in Korea for potential use as plant disease control agent. Among many invasive plants in Korea, we selected Ambrosia trifida (great ragweed), Amorpha fruticosa (false indigo bush), Phytolacca americana (american pokeweed), and Robinia pseudoacacia (black locust) due to their broad distribution in Korea and no prior research in the effects of the extracts on controlling plant pathogens. Interestingly, two of the four plant extracts tested showed high in vivo antifungal activity against a variety of major crop pathogens.
The aerial parts of four invasive plant species, A. trifida, A. fruticosa, P. americana, and R. pseudoacacia were collected during the summer of 2011 from the different locations in Korea. Harvested plant parts were removing dirt or contaminants and air-dried at 25 o C-maintained drying chamber until completely desiccated. Dried samples were chopped into small pieces and extracted three times with 80% MeOH for overnight at room temperature. The solvent was evaporated in vacuo in a rotary evaporator to afford a concentrated 80% MeOH extract. After transferring to a 2 ml vial, each sample was freeze-dried for 12 h and stored at −20 o C before use. Dried extracts were re-dissolved in DMSO to a concentration of 30,000 ppm at the time of spraying.
To determine in vivo antifungal efficacy, the one day protective activities of the methanol extract of four invasive plant species were evaluated for seven representative pathosystems according to the previously established procedure (Kim et al., 2001; Kim et al., 2004) . These included rice blast (caused by Magnaporthe oryzae), rice sheath blight (Rhizoctonia solani), tomato gray mold (Botrytis cinerea), tomato late blight (Phytophthora infestans), wheat leaf rust (Puccinia recondita), barley powdery mildew (Blumeria graminis f. sp. hordei), and pepper anthracnose (Colletotrichum coccodes). Rice (Oryza sativa cv. Nakdongbyeo), tomato (Lycopersicon esculentum, cv. Seokwang), barley (Hordeum sativum cv. Dongbori), wheat (Triticum asetivum cv. Chokwang), and pepper (Capsicum annuum cv. Bukang) plants were grown in 4.5 cm diameter-sized plastic pots in a greenhouse at 25 ± 5 o C for 1-4 weeks. The each plant extract dissolved in 250 ppm Tween20 was sprayed on the seedlings until run-off and kept for 24 h before inoculation with pathogens. An 1% DMSO solution in 250 ppm Tween20 was treated as control. Inoculation was conducted following previously described procedure for each pathogen (Kim et al., 2001; Kim et al., 2004) . The pots were arranged in a randomized complete block design, with three replicates per treatment. All experiments for in vivo antifungal activities of the tested methanolic extracts were conducted twice. Diseased leaf area was measured as disease severity after 3 to 7 days after inoculation according to the characteristics of each pathosystem. Disease severity for each treatment was converted into a control value (± standard deviation) compared with that of control treatments.
In vivo disease control activities of methanol extract of four invasive species, A. trifida, A. fruticosa, P. americana, and R. pseudoacacia, were evaluated against seven most representative pathosystems including rice blast (RCB), rice sheath blight (RSB), wheat leaf rust (WLR), barley powdery mildew (BPM), tomato gray mold (TGM), tomato late blight (TLB), and pepper anthracnose (PAN). At the initial screening, methanol extract of P. americana at the concentration of 3,000 ppm showed high disease protecting activity against RCB, TGM, TLB to the level of 62.5%, 85.0%, and 82.1%, respectively (Table 1) . Similary, methanol extract of A. fruticosa at 3,000 ppm showed high disease control efficacy (92.0%) against pepper anthracnose (Table 1) .
After initial screening, dose dependency for methanol extract of the two plant species showing high control activity was further tested with dilution series. Disease severity was decreased as the concentrations of treated plant extract increased in all tested pathosystems. For P. americana extract, disease control effect was most evident against TLB even at lower concentration (Fig. 1) . Without treatment of plant extract, disease severity of TLB was 60%, which was decreased to 18.3% at 750 ppm, 4 % at 1,500 ppm, and 2.33% at 3,000 ppm treated prior to P. infestans inoculation. The disease control efficacy was very high with control value of 69.4%, 93.3%, and 96.1% at 750, 1,500, and 3,000 ppm, respectively. Disease suppression effects of P. americana methanol extract against TGM stayed high with control value of 82.5% at 1,500 ppm, which was decreased to 19.8% at 750 ppm. Disease control activity of P. americana methanol extract against RCB was relatively mild with control value of 58.3% even at 3,000 ppm. Pokeweed, P. americana, is a perennial plant native to North America introduced and widely naturalized in Asia and Europe (The Flora of Korea Editorial Committee, 2007), of which dried roots are known to be used for traditional medicine (Yun & Kim, 2010) . Triterpene saponins named as phytolaccasaponins are known constituents with multidrug resistance reversal activity purified from pokeweed roots (Wang et al., 2008) . Pokeweed has also been known to exhibit mitogenic, antioxidant, antimicrobial, antiviral, antinociceptive, anti-cancer and immune-stimulant activities (Bekeredjian-Ding et al., 2012; Heinrich et al., 2004; Hosseinimehr et al., 2007; Karami et al., 2009) . Recently, molluscicidal effect was also reported for P. americana leaf (Fang et al., 2011) . Except this case, use of pokeweed or exploration of bioactive compounds has been conducted mainly with dried root. The revealing biological activity against phytopathogenic fungi especially with aerial parts of pokeweed plant has not been reported yet. Therefore, the data from this study shows the possibility for any compounds from P. americana to be developed as a novel and natural plant disease protecting agent. The methanol extract of A. fruticosa also displayed potent antifungal activity against pepper anthracnose in a dose dependent manner. At the concentrations of 1,500 and 3,000 ppm, disease control efficacy of A. fruticosa reached to 77.3 and 93.1%, respectively, against PAN (Fig. 2) . A. fruticosa at the concentration of 750 ppm also showed significant antifungal efficacy with disease control value of 51.9% against PAN.
A. fruticosa is a Leguminosae shrub originated from North America which was introduced in Korea from China in 1930s (Bang et al., 2004) , and is a representative polyphenol-rich plant. A number of phenolic compounds such as prenylated flavanones, isoflavones, rotenoids, and stilbenes are known as main bioactive constituents showing Fig. 1 . Dose dependency in control activity of the Phytolacca americana methanol extract. A~C, whole plants after disease rating at 7 dpi. showing rice blast (RCB, A), tomato gray mold (TGM, B), and tomato late blight (TLB, C) symptoms. Plant extracts were sprayed 1 day before pathogen inoculation. Treatments in A-C are as follows. 1, pathogen inoculation without plant extract pretreatment; 2, 750 ppm plant extract pretreated prior to pathogen inoculation; 3, 1,500 ppm plant extract and pathogen, 4, 3,000 ppm plant extract and pathogen; 5, No pathogen. D. dose dependent control values of P. americana methanol extract against RCB, TGM, and TLB. Light gray bar indicates control value at 3,000 ppm of plant extract, dark gray bar 1,500 ppm, and white bar 750 ppm, respectively. antimicrobial, inhibition of gene expression, antitumor and TNF-R inhibition activities (Dat et al., 2008; Kim et al., 2011) . Similar to the P. americana methanol extract, plant disease control efficacy of A. fruticosa also suggested a novel way of using invasive plant species.
Plant extracts are the rich source of phytochemicals with well known antimicrobial properties. Many plants have been used because of their antimicrobial traits, which are due to compounds synthesized in the secondary metabolism of the plant. These products are known by their active substances, for example, saponin, alkaloid, steroid, flavonoid, tannin, phenol and carbohydrate compounds which are the major part of various plant extracts (Akinyemi et al., 2000) . Hence, it is suggested that the antifungal effects exerted in this study by P. americana and A. fruticosa might be correlated to the various phytochemicals present in their respective extract (Sule et al., 2011) . Previously we confirmed the in vivo antifungal efficacy of other plant extracts and it was found that the methanol extract of Myristica malabarica fruit rinds effectively suppressed the development of various plant fungal diseases including rice blast, tomato leaf blight, wheat leaf rust and red pepper anthracnose (Choi et al., 2008) . Kim et al. (2004) reported the antifungal activity of Achyranthes japonica and Rumex crispus extracts suppressing the development of plant fungal diseases with disease control efficacy of more than 90% including powdery mildew. Besides, Bleaser and Steiner (1998) also examined the efficacy of several plant extracts against P. infestans on tomato plants, and they found that some of the extracts displayed the disease control efficacy more than 80%.
This study demonstrated the potential efficacy of the methanolic extracts of P. americana and A. fruticosa against major crop pathogenic fungi causing severe fungal diseases viz., RCB, TGM, PAN and TLB. These results confirmed that plant extracts originated from invasive plants can be used directly to develop new and effective classes of natural fungicides to control severe fungal diseases. Further analysis will be required to purify the active compounds from the methanolic extracts of P. americana and A. fruticosa.
